INTRODUCTION
Hazardous alcohol use, indicative of alcohol use disorder (AUD), is endemic among U.S. Veterans deployed to Iraq and Afghanistan [1] [2] [3] . AUD rates are even higher for Veterans returning from deployment with co-occurring mental health disorders (MHDs) and mild traumatic brain injury (mTBI) [4] [5] [6] . In fact, occurrence of MHDs or mTBI is a known risk factor for AUD [7] [8] . Increased risk for AUD is clinically important because alcohol misuse detracts from therapeutic efforts targeting MHDs and mTBI-related impairments [9] [10] .
Intuitively, it is plausible that the co-occurrence of MHDs and mTBI contributes to increased vulnerability to AUD due to craving. The interrelationship of these cooccurring conditions with alcohol craving has received little research attention. Alcohol craving is a well-established risk factor for AUD relapse [11] [12] . There is some evidence suggesting that alcohol craving is more severe among individuals with MHDs (e.g., depression, anxiety, and posttraumatic stress disorder [PTSD]) [13] [14] [15] , but no studies to date have examined alcohol craving among Veterans with co-occurring MHDs, mTBI, and AUD. Because the co-occurrence of MHDs, mTBI, and AUD is common among U.S. Veterans deployed to Iraq and Afghanistan and evidence suggests that alcohol craving may be exacerbated by these conditions, we sought to describe alcohol craving among a group of Veterans exposed to traumatic events during deployment who reported active MHD or mTBI symptoms at the time of enrollment into a larger parent study. The purpose of this article is to report our descriptive findings, which will enable future research that addresses the need to elucidate the relationships among MHDs, mTBI, AUD, and alcohol craving.
Prevalence of and Risk for Co-occurring Mild Traumatic Brain Injury, Mental Health Disorders, and Alcohol Use Disorder
Mild TBI is often referred to as the signature injury of the conflicts in Iraq and Afghanistan, in part, because mTBI prevalence rates, ranging from 16 to 20 percent, are higher than rates reported for other conditions among these same Veterans [16] [17] . Among Veterans with mTBI, depression and anxiety disorders such as PTSD are the most commonly co-occurring MHDs. Prevalence rates for PTSD and depression, for example, have been reported to be as high as 44 and 23 percent, respectively [18] [19] .
Evidence indicates that people with mTBI are at increased risk for developing postinjury AUD [7] and that Veterans with PTSD or depression have 3.0 to 4.5 times greater risk of being diagnosed with AUD [2] . Furthermore, Veterans with mTBI and AUD have a higher incidence of mood disorders (60%) relative to Veterans with TBI but no AUD (37%) [10] .
Relationship Between Alcohol Use Disorder and Alcohol Craving
Alcohol craving, the urge to drink, is associated with an increased risk of relapse among people with AUD [11] [12] [20] [21] . More severe [13] and more frequent [14] alcohol craving is reported by people with PTSD and cooccurring AUD relative to people with AUD alone. Increased frequency and severity of alcohol craving are also linked with the incidence of depression [15, 22] and more severe depressive symptoms [23] .
Collectively, the evidence suggests that people with co-occurring mTBI, MHDs, and AUD conditions may be more susceptible to AUD relapse. Little is known, however, about the frequency and severity of alcohol craving among people with these co-occurring conditions. Since alcohol misuse detracts from rehabilitation efforts, a better understanding of the frequency and severity of alcohol craving among Veterans with co-occurring mTBI, MHDs, and AUD will inform clinical rehabilitation efforts.
To address the need for a better understanding of alcohol craving among Veterans deployed to Iraq and/or Afghanistan who present with co-occurring mTBI, MHDs, and AUD, we examined self-reported alcohol craving in a sample of Veterans with active MHD symptoms with and without mTBI symptoms. For comparison purposes, we also examined self-reported alcohol craving among a sample of healthy, asymptomatic Veterans also deployed to Iraq and/or Afghanistan (i.e., combat comparison group). Because alcohol craving has not been assessed in this population, we also sought to describe the construct validity and measurement precision of a self-report alcohol craving instrument, the Penn Alcohol Craving Scale (PACS). We hypothesized that (1) the PACS items would form a single scale of alcohol craving that could distinguish among Veterans with different levels of craving and (2) alcohol craving would be more frequent and more severe among Veterans with MHDs, both with and without mTBI, relative to a combat comparison group with AUD alone.
METHODS

Study Design
This was a pilot study of U.S. Veterans deployed during the Iraq and Afghanistan conflicts who were recruited from three Department of Veterans Affairs (VA) Polytrauma Network Sites (PNSs) between August 2011 and December 2012 to participate in a cross-sectional study examining the diagnostic accuracy for the VA's Traumatic Brain Injury Clinical Reminder and Comprehensive Traumatic Brain Injury Evaluation processes (VA Health Services Research and Development ServiceDirected Research grant SDR-08-377). The parent research study was approved by the VA Central Institutional Review Board (IRB), and the informed consent provided participants with the option to be contacted about a future research study. The present, prospective descriptive pilot study enrolled 52 participants from the parent study and was approved by the Human Subjects IRB at the Edward Hines, Jr. VA Hospital. A separate consent form was used for participation in this additional research study. A sample size of 50 was proposed for the current study based on both budgetary constraints and study goals. To enable reasonable estimates of item locations in Rasch analysis of polytomous items, 10 observations per rating scale step have been shown to be acceptable for preliminary investigations [24] , although these results should be interpreted cautiously [25] .
Testing Battery
Participation in the parent study involved extensive neuropsychological tests, mental health symptom inventories, self-report questionnaires, and quality of life assessments, which were used to classify each Veteran into a diagnostic group (i.e., mTBI only, MHD only, mTBI+MHD, exposed asymptomatic controls). Classification for the parent study was based on an algorithm developed by clinical experts on the research team (see Appendix, available online only).
The assessment battery for the parent, cross-sectional study included tests to identify Veterans with MHDs and to differentially diagnose the type of MHD. For the purposes of this study, a MHD includes depression, anxiety, and/or PTSD symptoms that meet the following study criteria. A Beck Depression Inventory-II (BDI-II) [26] [27] score of 17 or higher, a Beck Anxiety Inventory (BAI) [28] [29] score of 8 or higher, and/or meeting the lenient criteria [30] on the Clinician-Administered Posttraumatic Stress Disorder Scale (CAPS) classified Veterans in the MHD group. Criteria to be classified as having mTBI included reports indicating currently active symptoms (e.g., headache, sensitivity to light, and lack of concentration) where symptoms were corroborated by performance on neuropsychological tests. Three classification groups were identified: (1) MHD and mTBI (MHD+mTBI), (2) MHD but no mTBI (MHD), and (3) neither MHD nor mTBI (combat comparison [CC] group). Clinical neuropsychologists verified each MHD and mTBI classification according to the aforementioned diagnostic algorithm. Demographic information and time since injury (where relevant) were also obtained for each research participant.
Study Sample
The cohort for the parent, cross-sectional study included 438 Veterans, including those seeking care at three VA PNSs and Veterans from the surrounding communities. To create a cohort for the present study (Figure 1) , we contacted Veterans from two of the three original study sites as dictated by pilot study budget constraints. The two sites chosen, one large, urban VA hospital and one midsized, rural VA medical center, had the greatest number of Veterans in the three classification groups of interest described in the previous paragraph. In all, 246 of the 307 Other classification groups from parent study that were not of relevance to current study included symptom resolution, questionable validity, and other unrelated conditions. CC = combat comparison, MHD = mental health disorder, mTBI = mild traumatic brain injury, VA = Department of Veterans Affairs (hospital), VAMC = VA medical center. Veterans from these two sites who participated in the parent study consented to being contacted for participation in additional research. Of these 246 Veterans, 154 were classified into the three classification groups. All 154 Veterans were sent a letter inviting them to participate in the study. A convenience sample of 74 of these Veterans was contacted regarding study participation, beginning with Veterans at the urban VA hospital. In line with the study sample size goal described earlier, recruitment calls were concluded when 52 Veterans had consented to participate. To minimize the possibility of perceived coercion, invited Veterans were not asked to provide a reason for declining participation. After consent, four Veterans could not be reached to complete the first week of telephone questionnaires and were dropped from the study, resulting in a final sample of 48 Veterans.
Data Collection Procedures for Additional Research Participation
All participants completed self-reported alcohol use and alcohol craving questionnaires via telephone interview weekly for 6 wk. Telephone interviews during weeks 1 and 6 lasted approximately 30 min; these interviews included verbal administration of the Alcohol Use Disorders Identification Test, consumption questions (AUDIT-C) and the PACS and scheduling of the next weekly call. Interviews during weeks 2-5 each lasted approximately 5 min and included verbal administration of the PACS only. Administration of the PACS over the telephone to assess self-reported alcohol craving among Veterans including those with PTSD has been previously reported by Simpson et al. [31] . The Simpson et al. study administered the PACS weekly over the telephone with interactive voice response (IVR) technology. We adapted this existing protocol by administration of the PACS over the telephone by a research assistant. We also adapted the compensation schedule from the Simpson et al. study, which resulted in good compliance with research procedures [31] , and compensated Veterans for the number of weekly telephone calls they completed. Compensation increased from $10 for completion of the week 1 interview only to $74 for the completion of all 6 wk and was prorated for participants completing weeks 2-5.
Instrumentation
Penn Alcohol Craving Scale
The PACS is a five-item, self-report assessment of alcohol craving [32] for which lower total scores indicate less frequent and less severe craving and higher scores indicate more frequent and more severe craving. Prior studies indicate strong internal consistency for the PACS (Cronbach α = 0.92) [32] . The PACS has also been reported to show concurrent and discriminant validity in a population of individuals with AUD only [32] . Finally, PACS scores demonstrate predictive validity among individuals with AUD only via a significant relationship with relapse [32] [33] . PACS telephone administration to assess self-reported alcohol craving among Veterans, including those with PTSD, has been previously reported by Simpson et al. [31] .
Alcohol Use Disorder Identification Test, Consumption Questions
The AUDIT-C is a three-item, self-report measure of alcohol use [34] [35] [36] . A score of 4 or more for men and 3 or more for women on this assessment indicates hazardous drinking and probable AUD. Using these cutoffs, the AUDIT-C has 86 percent sensitivity and 72 percent specificity for accurately identifying people with AUD [34] .
Study Sample Groups
Because this investigation focused on the relationship between alcohol craving and alcohol use in Veterans with and without active symptoms, we combined participants with MHD and MHD+mTBI. We believed this to be reasonable because no differences were found between these groups based on demographic factors including age, sex, race, ethnicity, education, and marital status. Furthermore, there were no differences found between groups on baseline mental health symptom assessments (BDI-II, BAI, and CAPS). However, there was a significant difference in employment status between the two groups (Fisher exact test, p = 0.045), with a higher proportion of individuals among the MHD group working than in the MHD+mTBI group.
Veterans were further classified according to selfreported alcohol use on the AUDIT-C. The following four groups detailed in Table 1 were compared for this descriptive study: (1) MHD ± mTBI, AUDIT-C negative (-); (2) MHD ± mTBI, AUDIT-C positive (+); (3) CC, AUDIT-C(-); and (4) CC, AUDIT-C(+).
Data Analyses
Since the PACS has not been used with Veterans with mTBI with or without co-occurring conditions, the psychometric properties of the PACS ratings scale and test items were examined prior to using the scores in the correlational analyses. Using Winsteps ® software version 3.74.0 (Winsteps, Inc; Chicago, Illinois) [37] , we used a partial credit Rasch model [38] to examine psychometric properties of the PACS measure in the AUDIT-C (+) population of Veterans, including those with MHD with and without mTBI. Psychometric properties of the PACS were examined using the first week of participant data because responses were not expected to change over time [31] . We examined the reliability, precision, item hierarchy, and structure of the PACS rating scale for each test item to determine whether they proceeded in order Table 1 . Description of study groups.
Group Name n Group Description
AUDIT-C = Alcohol Use Disorder Identification Test, consumption questions; CC = combat comparison; MHD = mental health disorder; mTBI = mild traumatic brain injury.
(monotonic). We examined overall assessment psychometrics including person separation reliability (PSR) and the person separation index (SI). PSR is analogous to Cronbach alpha, and values can be interpreted in the same manner (i.e., PSR values greater than 0.8 should be considered satisfactory) [39] . The SI is an indication of measurement precision, and this index indicates the number of performance or ability levels the scale is able to identify [40] . We also examined the fit of each test item and each person to the underlying assumptions of the measurement model. Infit mean square (MNSQ) standardized residuals indicate the extent to which items capture similar constructs to that of other items in the scale. Values between 0.7 and 1.3 were considered acceptable [41] [42] .
Group Comparisons
Each of the four study groups was compared on baseline demographic variables, mental health variables, and alcohol use (AUDIT-C scores). For continuous baseline variables, one-way analysis of variance (ANOVA) was used to determine between-group differences. When overall group comparisons were significant (α = 0.05), pairwise comparison tests (Tukey test for multiple comparisons) were also conducted. For categorical baseline variables, a Fisher exact test (due to insufficient cell size) was used to determine between-group differences.
To analyze PACS scores over 6 wk, a mixed-effects regression model with a random intercept and a linear time trend [43] was used; this model treats time as a continuous variable and explicitly models individual change over time. A restricted maximum likelihood estimation method accounting for small group size was employed. This approach uses all available observed data points and assumes that missing data points occurred in a random manner. Covariates tested in the mixed-effects model included time, group (three dummies that contrast each of the other groups to MHD ± mTBI, AUDIT-C[+]), time × group interaction, and baseline demographic and/or mental health covariates that were significantly different (p < 0.05) across the four groups. Model selection was based on the Bayesian Information Criteria. Statistical analyses were completed using SAS (SAS Institute Inc; Cary, North Carolina) and SPSS (IBM Corporation; Armonk, New York). All statistical tests were two-sided at α = 0.05 level. The criterion for statistical significance was p < 0.05.
RESULTS
Penn Alcohol Craving Scale Rating Scale and Reliability
The PACS rating scale steps for each of the test items proceeded monotonically, indicating that lower-rating categories were, as theorized, more probable for people with less severe craving, and the higher-rating category was, as theorized, more probable for people with more severe craving. Since inclusion of AUDIT-C(-) Veterans would not add information about functioning of a test for patients with AUD, we examined measurement reliability and precision of the PACS only for the AUDIT-C(+) Veterans (n = 29/48 Veterans). Test measurement reliability and precision with this AUDIT-C(+) population was strong, as indicated by PSR of 0.87 and item SI of 2.61. These indices mean that the PACS responses had a high level of precision in distinguishing different degrees of craving among AUDIT-C(+) Veterans.
The hierarchical order of the item calibrations reflects the challenge of the items from easiest to hardest to endorse, and an item map was generated (Figure 2) to illustrate the ordering of the items relative to the craving levels reported by the Veterans. This map illustrates, for example, that the study Veterans found it easiest to report difficulty resisting taking a drink (item 4), time spent thinking about craving (item 3), and frequent cravings (item 1). In summary, the rating scale functioned as theorized for this sample of Veterans with co-occurring MHDs and mTBI.
Examination of construct validity of each of the items, via an examination of infit MNSQ statistics, indicates that four of the five test items (frequency, duration, intensity, and overall craving) fit the measurement model (MNSQ = 0.87, 0.96, 0.90, and 0.70, respectively). One item, difficulty resisting taking a drink, had an infit MNSQ value of 1.42, suggesting that responses to this item were somewhat more erratic than expected by the model. Removing this item did not improve the overall assessment psychometrics significantly (SI = 2.75), so this item was retained in the analyses. A greater-than-expected number of Veterans misfit (14%) the model, which may be a result of the heterogeneous sample. In summary, the rating scale and items of the PACS functioned as theorized for this sample of Veterans with co-occurring MHDs and mTBI. Table 2 summarizes the demographic characteristics of the study sample and each of the four diagnostic groups. The Veteran study sample reflects the population of deployed military personnel, which is predominantly young (31 ± 9 yr of age), white (77.1%), non-Hispanic (75.0%), and male (92.0%). The MHD ± mTBI, AUDIT-C(-) group included one person with anxiety symptoms alone; one person with depression and anxiety symptoms; one person with anxiety symptoms, PTSD, and mTBI; one person with mTBI, depression symptoms, and PTSD; and two people with depression symptoms, anxiety symptoms, PTSD, and mTBI. The MHD ± mTBI, AUDIT-C(+) group included three people with anxiety symptoms alone; two people with depression and anxiety symptoms; one person with depression symptoms and PTSD; one person with anxiety symptoms and PTSD; four people with depression symptoms, anxiety symptoms, and PTSD; one person with depression symptoms and mTBI; one person with depression symptoms, PTSD, and mTBI; and two people with depression symptoms, anxiety symptoms, PTSD, and mTBI (data not shown).
Description of Study Sample
The participants in the MHD ± mTBI groups who had experienced mTBI (n = 8/21) were enrolled in this study an average of 42 ± 24 mo since time of last injury ( Table 3) Mental health symptoms and scores according to the BDI-II, BAI, and CAPS were used to classify Veterans. Therefore, these scores were not treated as outcomes. However, they are presented for descriptive purposes in Table 3 . As expected, the MHD ± mTBI Veterans were, at time of enrollment into the larger study, experiencing symptoms of depression, anxiety, and/or PTSD.
The four groups were not significantly different according to age (one-way ANOVA, F [3, 33] AUDIT-C = Alcohol Use Disorder Identification Test, consumption questions; CC = combat comparison; MHD = mental health disorder; mTBI = mild traumatic brain injury; SD = standard deviation. Table 3 . Study sample injury, mental health, and alcohol use characteristics. was more likely to be unemployed (38.5%). Most CC, AUDIT-C(+) Veterans (64.3%) were students, while students comprised a minority in the other groups.
Alcohol Use
The majority of the study sample (29/48; 60%) screened positive for probable AUD. Mean AUDIT-C scores from week 1 of study participation are reported in Table 3 . There was a significant difference between groups (F [3, 47] = 26.63, p < 0.001), where AUDIT-C scores were significantly higher in the CC, AUDIT-C(+) group than in the CC, AUDIT-C(-) and MHD ± mTBI, AUDIT-C(-) groups (Tukey honest significant difference [HSD], p < 0.001). AUDIT-C scores for the MHD ± mTBI, AUDIT-C(+) group were also higher than for the CC, AUDIT-C(-) and MHD ± mTBI, AUDIT-C(-) groups (Tukey HSD, p < 0.001). Importantly, there was no difference in AUDIT-C scores between the CC, AUDIT-C(+) and MHD ± mTBI, AUDIT-C(+) groups (p > 0.05).
Alcohol Craving
Repeated measure analyses of PACS measures of alcohol craving severity (Figure 3) indicate that there was an overall significant effect of group (p < 0.001). Pairwise comparisons demonstrated that there was a significant increase in PACS alcohol craving severity measures for the MHD ± mTBI, AUDIT-C(+) group compared with the MHD ± mTBI, AUDIT-C(-) group (95% simultaneous confidence interval [CI] of the difference: 4.95-13.54, p < 0.001). There was also a significant increase in PACS craving severity measures reported by the MHD ± mTBI, AUDIT-C(+) group compared with the CC, AUDIT-C(+) group (95% simultaneous CI of the difference: 3.43-10.07, p < 0.001).
There was no significant effect of time (p = 0.50) or group × time interaction (p = 0.85). When adjusting for baseline demographic covariates, analyses indicate that none of the potential demographic covariates of alcohol craving, including age, race, ethnicity, employment status, premilitary education, and marital status, were significant when time and group were in the estimation model.
DISCUSSION
The study represents the first examination of the frequency and severity of alcohol craving among a group of Veterans with MHDs and co-occurring mTBI. The reported findings are descriptive and make an important contribution to the field of addiction and rehabilitation because the study sample is representative of the heterogeneity and complexity of co-occurring neurological and mental health conditions that are so common among Veterans of the Iraq and Afghanistan conflicts. As expected, Veterans with probable AUD reported more frequent and more severe alcohol craving than Veterans who screened negative for probable AUD. Furthermore, among Veterans with probable AUD, those with MHDs with and without mTBI reported more frequent and more severe alcohol craving relative to asymptomatic CC Veterans. These findings indicate that, as expected, increased alcohol use and history of MHDs with and without mTBI in Alcohol craving in Iraq and Afghanistan conflict Veterans with and without history of mental health disorders (MHDs) and mild traumatic brain injury (mTBI). There was significant effect of group (p < 0.001) and no effect of time (p = 0.50) on selfreported alcohol craving assessed with Penn Alcohol Craving Scale (PACS). PACS scores were significantly higher for MHD ± mTBI, Alcohol Use Disorder Identification Test, consumption questions (AUDIT-C) positive (+) Veterans (black filled squares, n = 8-15) than for MHD ± mTBI, AUDIT-C negative (-) Veterans (white empty squares, n = 5-6), p < 0.001. PACS scores were significantly higher for MHD ± mTBI, AUDIT-C(+) Veterans (black filled squares, n = 8-15) than for CC, AUDIT-C(+) Veterans (black filled circles, n = 11-14), p < 0.001.
this sample are associated with more severe and more frequent alcohol cravings.
The rates of hazardous alcohol use and probable AUD in our sample (60%) were higher than reported findings from a larger sample (N = 585) of National Guard Veterans returned from Iraq and Afghanistan (36%) [1] or among Iraq and Afghanistan Veterans (13%-40%) [2] [3] . This could be due to disparity in sample sizes between the current study (N = 48), or it could also be because some Veterans in the parent study were recruited through VA PNSs and, therefore, more likely to be seeking treatment.
Our findings suggest that it may be useful to assess alcohol craving among Veterans returning from Iraq and Afghanistan by using an instrument such as the PACS. Thus, future work will be needed to validate these findings in a larger population to demonstrate utility of the PACS. These findings indicate that the PACS has the potential to be used as both an assessment tool and as an outcome measure. Because the PACS is brief (5 items), can be repeated over time, and can be administered in multiple settings (e.g., over the telephone or in person by the patient), the PACS is well suited for clinical use. The PACS can be administered by anyone in the clinic because it does not require advanced training to administer. Clinicians could easily implement the PACS during an initial assessment and over time to assess treatment progression.
Our psychometric examination of the PACS indicates a more than satisfactory level of reliability and precision for the Veteran sample. The usefulness of the PACS is also illustrated by our results that the MHD ± mTBI Veterans who were AUDIT-C(+) had significantly higher PACS scores than their AUDIT-C(-) counterparts and by the strong reliability of the PACS (PSR = 0.92) in our AUDIT-C(+) Veterans. Furthermore, our results show that as a whole, the PACS responses were stable over time, which is consistent with that of Simpson et al., who also investigated repeated, weekly PACS assessments among a population including Veterans and individuals with PTSD [31] . This is an important finding because it suggests that weekly monitoring of self-report craving does not escalate or change the craving outcome itself for a sample of Veterans with co-occurring conditions.
Our PACS scores among AUDIT-C(+) Veterans were generally lower than in other published studies. Yoon et al., for example, used the PACS to examine alcohol craving among Veterans with lifetime alcohol dependence and reported PACS scores falling within the low to moderate craving range [44] , but our average PACS score over 6 wk for the AUDIT-C(+) Veterans (including CC and MHD ± mTBI) was 8.7 ± 0.6 (where 30 is the maximum score), which falls within the moderate craving range. Simpson et al. also reported a higher average PACS score (11.4 ± 8.4) in a sample that included Veterans and other individuals with and without PTSD who were monitored weekly for self-reported alcohol craving [31] . Chakravorty et al. reported an average PACS score of 15.7 ± 7.2 for a population that included Veterans [12] . Our disparate findings could be due to the use of the AUDIT-C(+) as a screening tool in the current study, 
LIMITATIONS AND FUTURE DIRECTIONS
Although preliminary, these findings are important because they are the first to characterize frequency and severity of alcohol cravings among Veterans with mTBI and co-occurring MHDs. There are several study limitations that should be considered when interpreting the results. The sample recruited for additional participation was a convenience sample and as such may underestimate the contribution of co-occurring conditions to the frequency and severity of alcohol cravings in Veterans. The total sample size of 48 and the even smaller size of the subgroups limit the generalizability of findings. In addition, to maintain sufficient subgroup size, the MHD ± mTBI groups included individuals with a combination of depression symptoms, anxiety symptoms, PTSD, and mTBI. Consequently, we were unable to identify the individual effect of mTBI, depression, anxiety, or PTSD symptoms on alcohol craving. Also, there was a significant difference in employment status between the MHD and MHD+mTBI groups in that a greater proportion of individuals in the MHD group relative to the MHD+mTBI were working.
In this study, a research assistant administered the PACS via the telephone. Although a similar approach has been used in the literature [31] , we did not compare administration of the PACS through pencil and paper relative to telephone administration. Future studies are needed to further investigate the measurement properties of the PACS over the telephone because this method has potential utility for providers to capture programmatic outcomes.
Future research should include a sufficiently large sample of each subgroup so that the contribution of each symptom or disorder on alcohol craving can be examined. A larger study sample would enable us to distinguish between the effects of MHD and mTBI on alcohol craving and would also allow us to determine whether important covariates such as time since injury and sociodemographic factors influence the relationship. Future research should also examine how PACS administration methods (in-person pencil and paper vs telephone) may have influenced alcohol craving reporting. We were unable to collect information about predeployment mental health history including substance use disorders, but predeployment information would also be helpful in future research to determine whether incurring an mTBI mediated or led to postinjury alcohol use or alcohol craving behaviors.
Finally, because our preliminary data revealed lower PACS scores than in previous studies of alcohol craving among individuals with diagnosed AUD [12, 31] , in future studies we plan to expand our assessments of alcohol use and addiction/dependence. We also plan to include Veterans with more severe AUD, and to do so, we may recruit Veterans from VA addiction treatment centers. This approach is supported by a published finding that alcohol craving among Veterans is significantly associated with higher alcohol use and severity of alcohol dependence [44] .
CONCLUSIONS
These descriptive findings are the first to characterize frequency and severity of alcohol craving among populations that include mTBI, which is of considerable interest given recent evidence indicating that mTBI increases risk for developing AUD among military personnel [7] . Therefore, the finding that Veterans with co-occurring MHDs with and without mild TBI have more severe and more frequent alcohol craving is important for developing treatment plans for clinical rehabilitation. This study provides the necessary first step in laying the foundation for future research in the area of alcohol craving among populations with co-occurring MHDs and mTBI, which is essential to developing better treatment as well as treatment evaluation.
